Deterioration in the ability to perceived rapid changes in auditory input is thought to contribute to the difficulties older adults experience when communicating in noise. Studies have demonstrated that the performance of young adults on auditory tasks improves with training. However, few studies have tested the degree to which practice improves auditory performance in older adults. A previous study examined the extent to which younger and older adults benefitted from training when the task was to detect a gap in a narrow-band noise centered at 1 kHz. Significant improvements occurred in both age groups, indicating that auditory learning can still occur later in life. The present study examines if training improves performancewhen more than one auditory filter is activated. Twenty-four younger and older participants were trained for 10 days to detect a gap between a 2-kHz and a 1-kHz noise. Performance was assessed one day and one month after the last training session along with the extent to which the benefits generalized to other frequencies and the untrained ear. In addition, Event-Related Potentials (ERPs) were obtained pre-and post-training to assess cortical changes in the response to temporal gaps. Initial results show improvement throughout training in both age groups.
GAP-DETECTION AND AUDITORY TRAINING
The deterioration in the ability to process rapid changes in auditory input with age may play a primary role in the difficulty many older listeners experience perceiving speech (see review in Gordon-Salant, Fitzgibboms, YeniKomshian, 2011) . One measure of temporal processing which is commonly used is the listener's ability to detect a quiet gap in a sound (gap detection, GD) . Previous studies have shown that GD thresholds depend on the degree of difference between the sounds marking the gap. Specifically, GD thresholds are much smaller when listeners are asked to detect a quiet gap between markers of the same frequency (within-channel GD) versus gaps which are bordered by two markers which differ in frequency (between channels GD). Gap detection tasks where the two markers differ in frequency elicit thresholds which may be 6-10 times higher than those found when the two markers are similar (Phillips, et al. 1997) . Moreover, the differences found between those two types of GD thresholds were found to be larger in older adults (e.g., Lister et al., 2002) .
In young adults, perceptual skills have been found to improve with practice (Wright, Buonomano, Mahncke & Merzenich, 1997) . However, there are a limited number of studies assessing the effects of such training in older adults. In light of the difficulties older listeners experience daily due to age related changes in their auditory system, the question whether and to which degree an improved performance may be achieved with training holds special importance. In particular, since auditory temporal processing contributes to the ability to understand speech, it would be valuable to investigate whether training can improve this ability in older adults.
In a previous study (Avivi, 2009 ) both 10 younger and 10 older participants completed 10 days of training detecting silent gaps (GD) in a steady-state, quarter-octave band noise centered at 1kHz (within-channel GD). Additionally, generalization to a similar task using a different frequency (2 kHz), and to between-channel gap detection (2 kHz-1 kHz) were both tested. Retention was examined 1 month later. The main conclusion of this study was that older adults can benefit just as much as young adults, if not more, from training. In both young and older adults the within-channel training generalized to a different frequency (2 kHz). However, the generalization to between-channel GD (2 kHz-1kHz) was only partial. Furthermore, generalization remained unchanged in both age groups after a month.
The findings of the previous study support the existence of significant auditory learning, even in the later stages of life, in spite of age-related changes in the auditory systems, and suggest that auditory training may be able to ameliorate the degree of age-related deterioration of auditory skills. However, further investigation is required in order to determine what has been learnt and whether training may also improve GD thresholds when the markers defining the gap differ in frequency (between channels GD). This is especially important, since the between-channel task is more similar to what is required in order to successfully perceive and understand speech.
METHOD
The current study investigated whether training using between-channels GD task could improve the ability of younger and older adults to detect brief quiet gaps marked by two noise-bands centered at different frequencies. In addition, once training was completed, generalization was tested using novel markers centered at novel frequencies: 1kHz-2kHz (frequencies used in the training condition but in the reversed order), 2kHz-2kHz (using the first marker of the training condition), 1 kHz -1 kHz (using the second marker of the training condition), 1.5 kHz -0.5 kHz (a novel frequency marker), 2 kHz -1kHz (using the same markers in the training condition played to the untrained ear). Lastly, one month later participants are tested using these conditions once again in order to evaluate training retention.
This study is designated to include 84 younger and 84 older clinically normal hearing adults divided into a training group and six control groups (one for each condition). Twelve older and twelve younger adults are asked to complete 10 days of training detecting between-channel silent gaps marked by narrow-band noise centered at 2kHz and 1kHz (see Figure 1) . FIGURE 1. An illustration presenting the standard and the target stimuli designed for the trained stimulus (2-1kHz) for both the behavioral and the electrophysiological measured in the current study.
During the 10 days of training, gap detection thresholds are measured 10 times using an adaptive 2 down 1 up 3I3AFC. The same procedure is used to assess generalization and retention. To look for changes in cortical processes due to training, pre-and post-training Evoked Potential Response (ERP) measures are obtained. Generalization is examined at the end of the training and retention is examined 1 month later.
RESULTS AND DISSCUSSION
The results presented here are based on the behavioral data which has been collected so far; 11 older and 12 younger adults who have completed training and 124 younger and older adults who were tested as control. All data analysis was done using the Log values of the GD thresholds measured. The data collected during the pre-and posttraining ERP sessions is currently being processed and analyzed.
The initial results show an improvement in the GD thresholds for the between-channels trained condition (2-1kHz) in both younger and older adults (as can be seen in Figure 2 ). This was confirmed by submitting the data to an age (young, old) by training day (1-10) ANOVA with training day as a within-subject variable and age as a between-subject variable. The ANOVA confirmed significant main effects of training day, but no significant effect due to age nor a significant two way interaction between age training day. The age differences shown in the figure might have not been found significant due to large individual variance.
In order to test generalization the GD thresholds of five untrained stimuli (2-2kHz, 1-1kHz, 1-2kHz, 1.5-0.5kHz and 2-1kHz presented to the left ear) were tested in the trained group after the training has completed and were compared to the thresholds measured in each of the control groups (a different group was designated for each condition). A significant difference between the trained group and the untrained groups was found only for the trained stimulus when presented to the untrained ear (left).
In order to test retention the GD thresholds for the trained stimulus were measured in the trained group again one month later. No significant difference was found between the GD thresholds in both age groups, implying that the improvement in the trained stimulus is indeed a long-term improvement. In addition, the generalization of the improvement to the trained stimulus when presented to the untrained ear was retained as well.
While the improvement which was found in both age groups is somewhat encouraging, the lack of generalization to other conditions jeopardizes the applied potential of such perceptual training. FIGURE 2. Average of the log GD thresholds (ms) calculated for each of the 10 training days with separate lines for each age group.
